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Abstract

OBJECTIVE: To characterize clinical management of deliveries resulting in neonatal hypoxic ischemic encephalopathy. DE-

SIGN: Retrospective case series SETTING: Three academic referral medical centers in the United States POPULATION: All

neonates [?]35 weeks’ gestation with HIE based on cord blood pH<7.0, base deficit of [?]12.0mmol/L, along with relevant ra-

diological, laboratory, and clinical findings. METHODS: Clinical management was characterized based on whether (i)delivery

occurred within 120 minutes of presentation, (ii)delivery occurred due to a sentinel event such as cord prolapse or uterine

rupture, and (iii)the fetal heart rate tracing(FHR) demonstrated variability, accelerations, or both upon presentation and in the

half hour before delivery. MAIN OUTCOME MEASURES: Relationship of mode of delivery to FHR tracing characteristics at

delivery. Obstetric outcomes, labour course and management were analysed. RESULTS: Of 144,904 deliveries, 102 maternal-

newborn dyads met criteria. Of these, 19 delivered within 120 of minutes of presentation and four further women experienced

a sentinel event. Of the remaining 79, 66(84%) had a FHR tracing on presentation that demonstrated variability, accelerations

or both. Of these 66 cases, 27 had a fetal heart tracing that demonstrated variability, accelerations or both in the 30 minutes

preceding delivery. CONCLUSION: Approximately two-thirds of cases of HIE occurred in cases where the FHR tracing initially

demonstrated variability, accelerations, or both, without a sentinel event and without a condition requiring delivery within 120

minutes of presentation. Of these >40% had variability, accelerations, or both in the half hour before delivery. This suggests

additional insights are required to prevent some cases of HIE.

Introduction

Neonatal encephalopathy is defined by the American College of Obstetricians and Gynecologists and Ameri-
can Academy of Pediatrics joint Task Force on Neonatal Encephalopathy as a clinical syndrome of disturbed
neurologic function in the earliest days of life in an infant born [?]35 weeks of gestation, manifested by a
subnormal level of consciousness or seizures, and often accompanied by difficulty with maintaining respira-
tion and depression of tone and reflexes.1 Hypoxic-ischemic encephalopathy (HIE) accounts for a significant
proportion of encephalopathic newborns, and despite advances in perinatal care, moderate-to-severe HIE re-
mains a major cause of acute neurological injury and subsequent long-term neurodevelopmental disability.2

While prenatal and/or postnatal complications may cause HIE, studies have demonstrated that the majority
of encephalopathic newborn infants sustained brain injury at or near the time of birth.3
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. The importance of recognition of intrapartum fetal compromise followed by appropriate action is essential
to mitigate the presence of effects of hypoxia and avoid subsequent disability. Obstetric leaders have called
for improvements in safety and quality assessment4 including initiatives to improve both the recognition of
pathological fetal heart rate tracings5,6 and the clinical management of sentinel events which can lead to fetal
compromise.7,8 Despite ongoing efforts to minimize the risk of neurological injury at delivery, contemporary
data on patient characteristics and clinical events and management of labor preceding HIE is limited. Given
that there is a significant knowledge gap regarding clinical events and management during such deliveries,
the aim of this study was to undertake a structured review of a large series of deliveries of neonates with
HIE.

Methods

This retrospective case series evaluated all neonates [?]35 weeks of gestation born with HIE over a ten-year
study period from January 1st 2007 to December 31st 2016 at three tertiary referral academic medical cen-
ters. Institutional Review Board Approval was obtained at all three participating institutions (Columbia
University Medical Centre, Yale New Haven Hospital and University of Rochester) prior to the commence-
ment of any data collection. This study received funding in the form of an Award for the Advancement of
Clinical Initiatives from MCIC Vermont, Broad St., New York, NY. MCIC Vermont did not have a role in
conducting this study.

A diagnosis of HIE was based on the presence of fetal acidemia (defined as arterial cord gas pH <7.0, a base
deficit of [?]12 mmol/L, or both) along with clinical findings such as an Apgar score of <5 at 5 or 10 minutes,
evidence of acute brain injury on neonatal neuroimaging, or abnormal neurologic findings on neonatal clinical
examination. A structured review of each case was carried out using a modified version of the template
recommended by the American Academy of Pediatrics for the review of cases of neonatal encephalopathy.9

Maternal demographic information was ascertained and risk factors such as pre-gestational and gestational
diabetes, chronic hypertension, preeclampsia, and use of tobacco and recreational drugs were identified.
Obstetric information obtained included gestational age at delivery, the presence of obstetric complications
such as spontaneous preterm labor, preterm premature rupture of membranes, term premature rupture of
membranes, placenta previa, vasa previa, trial of labor after cesarean, chorioamnionitis, antenatal bleeding,
and other complications. Information about the fetus was obtained including diagnoses of fetal growth
restriction based on the presence of ultrasound estimated fetal weight <10th percentile within 4 weeks of
delivery, suspected macrosomia based on the presence of ultrasound estimated fetal weight >90th percentile
within 4 weeks of delivery, major congenital anomalies, and prenatally diagnosed genetic abnormalities.

The labor course and management were abstracted and included total time in labor, duration of the second
stage, time of rupture of membranes and whether they were ruptured artificially or spontaneously, whether
amniotic fluid was clear, meconium-stained, or blood-stained, use of oxytocin for induction and augmentation,
labor anesthesia, fetal presentation, time of day of delivery, and mode of delivery including whether operative
delivery was performed. The presence of sentinel events including uterine rupture, umbilical cord prolapse,
amniotic fluid embolus, or maternal cardiac arrest was ascertained.

Fetal heart rate (FHR) tracings were reviewed and the characteristics in the first 30 minutes of monitoring
and the final 30 minutes prior to delivery were recorded. FHR characteristics evaluated included fetal heart
rate baseline, the presence of accelerations, the presence of late decelerations, and whether late decelerations,
if present, were recurrent (present with [?]50% of contractions). FHR tracings were categorized as category I,
II or III according to the Eunice Kennedy Shriver National Institute of Child Health and Human Development
consensus panel and this was also the source for our definitions for FHR characteristics.10 Presence or absence
of uterine tachysystole, as defined by the above consensus panel, was additionally evaluated. Labor course
and management and fetal heart tracing findings were analyzed based upon whether patients were delivered
[?]120 minutes or >120 after presentation.

Neonatal data was obtained including (i) Apgar scores at 5 and 10 minutes, (ii) venous and arterial cord blood
sample pH, base deficit, pO2, and pC02, (iii) neonatal blood sample pH, base deficit, pO2, pC02, and lactate,
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. (iv) neonatal resuscitation including whether bag/mask, cardiopulmonary resuscitation, and intubation were
required, (v) neonatal imaging including ultrasound, CT, and MRI findings, (vi) EEG results, (vii) witnessed
seizure-like activity, (viii) use of head or body cooling, and (ix) presence of multi-system organ involvement.
When available, placental pathology was reviewed.

Study data were collected and managed using Research Electronic Data Capture (REDCap) electronic data
capture tools.11,12REDCap is a secure, web-based software platform designed to support data capture for
research studies, providing an intuitive interface for validated data capture, audit trails for tracking data
manipulation and export procedures, and automated export procedures for seamless data downloads to
common statistical packages. SAS version 9.4 was used for statistical analyses (SAS Institute, Cary, NC.)

Results

In the 3 hospitals in the study, 144,904 deliveries occurred from January 1, 2007 to December 31, 2016.
During this period, 102 maternal-neonate dyads met criteria and were included in the analysis. (Table 1)
describes the maternal demographics and medical conditions. The mean gestational age at delivery was 38.4
weeks. There were 2 multiple gestations and approximately 10% of patients (10/102) attempted trial of
labor after cesarean. Evaluating pregnancy complications, 22% of women had term or preterm premature
rupture of membranes, 8% chorioamnionitis, 10% antenatal bleeding within 24 hours of delivery, and there
was one vasa previa (Table 2 ). Prenatal diagnosis and ultrasound demonstrated growth restriction in 5%
of pregnancies, suspected macrosomia in 3%, a major congenital anomaly in 6%, and a genetic abnormality
in 5%.

Neonatal Findings

Evaluating neonatal findings at birth, 38% of neonates had a 5-minute Apgar score <5 (n=39), 21% had
a 10-minute Apgar score <5 (n=21), 36% had an arterial cord pH <7 (n=37), and 40% (n=41) had an
arterial cord base deficit of [?]12 (Table 2 ). Common neonatal findings included seizures on EEG (29%,
n=30), witnessed seizures (54%, n=55), need for intubation (58%, n=59), and abnormal MRI findings (54%,
n=55). Less common findings included abnormal CT findings (13%, n=13) and abnormal cranial ultrasound
findings (17%, n=17). A minority of neonates required cardiopulmonary resuscitation (22%, n=22).

Women delivered [?]120 minutes after presentation

Most women were delivered >120 minutes after presentation (n=83, 81.4%) (Figure 1 ). Of the 19 women
delivered [?]120 minutes after presentation, 74% (n=14) were by cesarean and 26% (n=5) were by non-
operative vaginal delivery (Table 3 ). Evaluating the FHR tracings on presentation of these 19 women, 5
had decelerations, 6 had an abnormal baselines (<110 or >160 beats per minute), and 7 had a category II
tracings (Table 4 ).

Women delivered >120 minutes after presentation

Of the 83 women delivered >120 minutes after presentation, 4 experienced a sentinel event (1 cord prolapse
and 3 uterine ruptures). Excluding the 4 women with a sentinel event, the majority of women (84%, n=66/79)
had moderate variability, accelerations, or both on presentation (in the first 30 minutes of the tracing)
including moderate variability, accelerations, or both. Of the 66 women with moderate variability and/or
accelerations on presentation, 40% (27/66) retained these features (moderate variability, accelerations, or
both) in the final 30 minutes before delivery (Figure 2, Table 4 ). The majority of the 27 women with
moderate variability and/or accelerations, prior to delivery underwent cesarean delivery (n=16). Of the 39
women without moderate variability or accelerations prior to delivery the majority were by operative (10%,
n=4) or non-operative vaginal delivery (54%, n=21). Mode of delivery did not differ significantly based
on the whether the FHR tracing demonstrated moderate variability and/or accelerations prior to delivery
(p=0.17).

The labor courses and clinical management of the 27 women with moderate variability, accelerations, or
both on presentation and prior to delivery were heterogenous (Figure 3 ). Among this group there were
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. 2 cases of intrauterine growth restriction and 2 cases of clinical chorioamnionitis. Seven women underwent
a pre-labor cesarean delivery and 1 woman underwent a cesarean delivery in the first stage of labor. The
remaining 8 women underwent cesarean delivery during second stages that ranged from 62 to 428 minutes;
3 of these cesareans occurred after failed operative vaginal delivery attempts. Of the 11 women undergoing
vaginal delivery 6 had a second stage [?]1 hour, 3 had a second stage 1 to [?]3 hours, and 2 had a second
stage >3 hours both of which required operative vaginal delivery. Overall, 8 of the 27 women had a second
stage of [?]3 hours and 7 had labor courses [?]18 hours.

Discussion

This study from three referral hospitals found that the majority of HIE cases over a 10-year period were
delivered >120 minutes after presentation and did not result from sentinel events. Most cases had moder-
ate variability, accelerations, or both on presentation, and of the cases with these FHR characteristics on
presentation not delivered within 120 minutes or for a sentinel event, 40% also had moderate variability
and/or accelerations, prior to delivery. Among the group of women with moderate variability, accelerations,
or both prior to delivery 30% had a prolonged second stage, and significant proportions delivered either
via pre-labor cesarean (26%) or vaginally with a second stage <1 hour (22%). Paradoxically, women who
delivered >120 minutes after presentation with moderate variability and/or accelerations, on presentation
were more likely to deliver by cesarean with moderate variability and/or accelerations, prior to delivery,
although this difference was not statistically significant.

The findings from this study support the diverse clinical scenarios and labor characteristics associated with
HIE and there was no common theme identified that could predict any significant proportion of HIE cases.
Studies from the UK13, South Africa14 and New Zealand15 have estimated the degree to which intrapartum
asphyxia was associated with human factors and found preventability in 64%, 63% and 55% of cases re-
spectively. In 38% of the cases in this study, delivery occurred in the absence of moderate variability or
accelerations after these features were noted on presentation supporting the possibility of acute events occur-
ring during labor. Of the 26% of cases that occurred with moderate variability and/or accelerations, proximal
to delivery more than a quarter had a labor duration of [?]18 hours supporting the possibility that other
approaches, such as the use of category II algorithms, may be required to ascertain risk beyond the presence
or absence of variability or accelerations alone.5Overall these findings support the notion that risk reduction
for HIE will likely require care improvement and management across a range of clinical scenarios, and that
some outcomes may be unpreventable. Clinical chorioamnionitis and fetal growth restriction diagnoses were
not particularly common among pregnancies resulting in HIE in the setting of FHR findings demonstrating
moderate variability, accelerations, or both, and thus were unlikely to be important explanatory risk factors
in this case series.

This study evaluated a large number of cases of HIE in three different academic medical centers. Factors
leading to HIE may be challenging to study due to its infrequent clinical occurrence. The relatively large
number of cases evaluated in this study allowed us to create reasonably sized groups describing labor and
delivery management and risk factors, as well as fetal heart tracing characteristics that allow meaningful
clinical interpretations. That we were able to include detailed data on each case facilitated comparisons
across a number of clinical management parameters.

Limitations include that while the review of each case of HIE involved the thorough examination of the
healthcare record by an individual researcher it is certainly possible that due to the retrospective nature
of data collection some relevant material may have been omitted or inaccurately recorded. A prospective
design with contemporaneous recording and a validated data collection tool may have improved the accuracy
of the reported data.

Conclusion

In this large series of neonates with HIE whose intrapartum care was managed in three academic medical
centers approximately two thirds of the cases occurred in the initial setting of moderate variability and/or
accelerations on FHR tracing without a sentinel event. A significant proportion of cases also had moderate

4
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. variability, accelerations, or both in the half hour prior to delivery. The study findings support the concept
that diverse clinical scenarios and labor characteristics may be associated with the birth of an infant with
HIE, and that moderate variability and/or accelerations may not preclude the development of that disorder.
These findings support the notion that risk reduction for HIE will likely involve improvement of management
across a range of clinical scenarios, and that some of these outcomes may prove to be unpreventable.
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Figure Legends

Figure 1: Demonstrates clinical management characteristics of deliveries in the case series.

Figure 2: Demonstrates mode of delivery based on characteristics of the fetal heart tracing in the 30 minutes
preceding delivery.

Figure 3: Demonstrates the labor course of deliveries complicated by HIE where the fetal heart tracing
demonstrated moderate variability, accelerations, or both, both on admission and within 30 minutes of
delivery (n=27). CC= clinical chorioamnionitis.IUGR= intrauterine growth restriction.

REFERENCES

1. Executive summary: Neonatal encephalopathy and neurologic outcome, second edition. Report of the
American College of Obstetricians and Gynecologists’ Task Force on Neonatal Encephalopathy. Obstet
Gynecol 2014;123:896-901.

2. Ferriero DM. Neonatal brain injury. N Engl J Med 2004;351:1985-95.

3. Cowan F, Rutherford M, Groenendaal F, et al. Origin and timing of brain lesions in term infants with
neonatal encephalopathy. Lancet 2003;361:736-42.

4. Berkowitz RL. Of parachutes and patient care: a call to action. Am J Obstet Gynecol 2011;205:7-9.

5



P
os

te
d

on
A

u
th

or
ea

21
M

ar
20

22
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

78
78

42
.2

86
26

24
6/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. 5. Clark SL, Nageotte MP, Garite TJ, et al. Intrapartum management of category II fetal heart rate tracings:
towards standardization of care. Am J Obstet Gynecol 2013;209:89-97.

6. Berkowitz RL, D’Alton ME, Goldberg JD, et al. The case for an electronic fetal heart rate monitoring
credentialing examination. Am J Obstet Gynecol 2014;210:204-7.

7. Draycott T, Sibanda T, Owen L, et al. Does training in obstetric emergencies improve neonatal outcome?
BJOG 2006;113:177-82.

8. Pettker CM, Thung SF, Norwitz ER, et al. Impact of a comprehensive patient safety strategy on obstetric
adverse events. Am J Obstet Gynecol 2009;200:492 e1-8.

9. Neonatal Encephalopathy and Neurologic Outcome, Second Edition. Pediatrics May 2014, 133 (5) e1482-
e1488; DOI: https://doi.org/10.1542/peds.2014-0724.

10. Macones GA, Hankins GD, Spong CY, Hauth J, Moore T. The 2008 National Institute of Child Health
and Human Development workshop report on electronic fetal monitoring: update on definitions, interpreta-
tion, and research guidelines. Obstet Gynecol 2008;112:661-6.

11. PA Harris, R Taylor, R Thielke, J Payne, N Gonzalez, JG. Conde, Research electronic data capture
(REDCap) – A metadata-driven methodology and workflow process for providing translational research
informatics support, J Biomed Inform. 2009 Apr;42(2):377-81.

12. PA Harris, R Taylor, BL Minor, V Elliott, M Fernandez, L O’Neal, L McLeod, G Delacqua, F Delacqua,
J Kirby, SN Duda, REDCap Consortium, The REDCap consortium: Building an international community
of software partners, J Biomed Inform. 2019 May 9 [doi: 10.1016/j.jbi.2019.103208].

13. Draper ES, Kurinczuk JJ, Lamming CR, Clarke M, James D, Field D. A confidential enquiry into cases
of neonatal encephalopathy. Arch Dis Child Fetal Neonatal Ed 2002;87:F176-F180

14. Pattinson RC. Challenges in saving babies — avoidable factors, missed opportunities and substandard
care in perinatal deaths in South Africa. S Afr Med J 2003; 93: 450-455.

15. Sadler LC, Farquhar CM, Masson VL, Battin MR. Contributory factors and potentially avoidable
neonatal encephalopathy associated with perinatal asphyxia. Am J Obstet Gynecol. 2016 Jun;214(6):747.e1-
8.

Hosted file

HIE Tables 09-12-21.docx available at https://authorea.com/users/324571/articles/560734-

characteristics-of-deliveries-resulting-in-neonatal-hypoxic-ischemic-encephalopathy-a-

multi-centred-retrospective-case-series

6

https://authorea.com/users/324571/articles/560734-characteristics-of-deliveries-resulting-in-neonatal-hypoxic-ischemic-encephalopathy-a-multi-centred-retrospective-case-series
https://authorea.com/users/324571/articles/560734-characteristics-of-deliveries-resulting-in-neonatal-hypoxic-ischemic-encephalopathy-a-multi-centred-retrospective-case-series
https://authorea.com/users/324571/articles/560734-characteristics-of-deliveries-resulting-in-neonatal-hypoxic-ischemic-encephalopathy-a-multi-centred-retrospective-case-series


P
os

te
d

on
A

u
th

or
ea

21
M

ar
20

22
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

78
78

42
.2

86
26

24
6/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

7


